Abstract
Introduction

41
The increase of human population size and massive consumption of natural resources have 2015) and marine realms (e.g. Kortsch et al. 2015) . It has been predicted that by the end of 64 this century, climate change will be the most important driver of biodiversity change in the 65 4 arctic and boreal areas (Sala et al. 2000) . The warming trend will likely change many aspects 66 of high-latitude biodiversity, such as distributions and abundances of species, the extent and 67 distribution of habitats, and introduction and spread of non-native species (e.g. ACIA 2005).
68
In addition to global warming, other human activities, such as timber harvesting, 
81
Species introductions to new areas by humans are closely linked to land use changes.
82
Hot-spots of alien species may occur near major human settlement areas (e.g. Wasowicz et al. "nutrient enrichment" OR "habitat fragmentation" OR "land use*" OR "invasive species" OR 125 "alien species" OR acidification OR "climate change" OR "climate warming"), and 3) words 126 that are related to biodiversity (*diversit* OR richness OR evenness). We used these search studies focusing on real-life situations, and thus we did not include any experimental or 141 manipulative studies. This is because we were interested to see whether there were any actual 142 trends reported regarding northern biodiversity change. We also did not include studies that 143 used a space-for-time substitution to illustrate the effects of e.g. climate change, studies that 144 tested ecological theories only, studies that did not have any clear stressors, purely predictive 145 studies, review papers or conference abstracts. These types of articles were numerous in the 146 initial search results and thus several exclusions were made. In addition, there were some 147 articles that did not clearly state their findings, and to refrain from making our own 148 deductions, we did not include such articles in the final set of articles either.
149
All authors collected information from articles that were likely suitable for comparative 150 purposes (see Table S1 in Supplementary material). Again, to ensure the uniform quality of 151 the data, the first author double-checked all collected information and made final decisions on 152 which articles to select. At this point, as it was clear that taxonomic richness was the most 153 commonly-used aspect of biodiversity in the selected papers, we decided to concentrate on 154 that aspect of biodiversity only. Richness was usually assessed at species level, so from now 155 on we use the term species richness to describe the taxonomic richness of the studies 156 included. The popularity of assessing species richness in the studies found is understandable 157 as species richness is the most commonly-measured aspect of biodiversity (Gaston 2000).
158
After the data were collected, we formed a number of categories from different 159 variables. For example, we formed five stressor type categories (i.e. climate change, land use, 160 pollution, introduced species and miscellaneous stressors; see Table S2 ). We also formed 161 nine major groups of biological organisms (i.e. plants, lichen, fungi, algae, bacteria, 162 invertebrates, fish, birds, mammals; see Table S3 ). The main terms we use along with 163 explanations are presented in Table S4 , and for the list of selected articles, see Table S5 . (Table S5) is the connecting feature. 
Geographic clusters and gaps of research in the North
185
We found 90 publications with 104 data points that passed our sieve. Most studies described 186 species richness-stressor relationships occurring in the southern provinces of Canada or 187 throughout Fennoscandia (Fig. 1, Fig. 2 ). In the continent of North America, vast Arctic Geographically, there were some areas where species richness showed uniform 228 responses to human-induced stress (Fig. 1) . For instance, in the Boreal Plains of western 229 Canada species richness usually had changed in some way due to anthropogenic stress. In Terrestrial biodiversity most studied, but freshwater biodiversity most sensitive 239 Terrestrial ecosystems were most commonly studied, with altogether 60 publications (Fig.   240   3a) . We also found 27 publications on freshwater ecosystems, but only three publications on 241 marine ecosystems. Regarding the publications concentrating on terrestrial ecosystems, 70% 242 of the publications showed that species richness had changed due to human actions.
243
Terrestrial species richness had relatively evenly decreased, increased or exhibited multiple 
252
Regarding marine ecosystems, all three studies showed that species richness had 253 changed due to human stress (Fig. 3a) . Overall, we were surprised to find only few marine 254 studies dealing with anthropogenic effects on species richness. It is possible that such studies 255 do exist, but they were not captured with our search criteria or that those studies are simply 256 rare in northern regions. Moreover, marine systems differ remarkably from terrestrial and 257 freshwater systems, and thus traditional response-stressor studies may be more difficult to 258 conduct. Overall, the circumpolar research gap is at least partly linked to the absence of 259 marine studies. There is thus a need for studies focusing on marine species richness-stressor 260 relationships in northern high latitudes.
261
Invertebrates and plants well covered in research 262
For the entire northern region, most studies concentrated on species richness of either 263 invertebrates or plants (Fig. 1, Fig. 3b ). Birds were also a relatively commonly-studied 264 biological group, followed by fungi and lichens which were more commonly studied in 
Different responses of species richness within and between biotic groups
278
All biological groups that were studied more than once showed varying responses to 279 anthropogenic stressors (Fig. 1, Fig. 3b) . In other words, the relationship between a stressor 280 and a biological group is not straightforward, but can be rather complex and probably 
288
The two most commonly-studied biological groups, plants and invertebrates, showed 289 somewhat different trends regarding species richness responses to anthropogenic stress.
290
Species richness of plants increased twice as often as species richness of invertebrates, which 291 in turn decreased twice as often compared to that of plants (Fig. 1, Fig. 3b) . Additionally, Land use the most studied stressor, but pollution most harmful to species richness 298 Land use, especially forestry, was the most studied stressor type over the entire northern 299 region (Fig. 2, Fig. 3c, S4 ). This is understandable because silviculture is a major human 300 activity across the vast boreal forest biome (e.g. Moen et al. 2014 ). Pollution was the second 301 most commonly-studied stressor type, followed by climate change and miscellaneous stressor 302 types. Climate change can be a particularly challenging stressor to study, because reliable Consequently, the stressor types had different effects on species richness. 
